Abstract--,-
INTRODUCTION
The low-lying areas adjoining upper Cook Inlet and the lower courses of the Susitna and Matanuska Rivers in southern Alaska ( fig. 1 ) are underlain by a thick and complex sequence of nonmarine sedimentary rocks of Tertiary age that are of considerable economic importance because they contain coal, petroleum, and natural gas. These nonmarine sedimentary rocks contain abundant fossil plants, but other kinds of fossils are extremely rare. Any attempt to establish the ages of individual formational units in the Tertiary sequence of the Cook Inlet-Susitna Lowlands and of the neighboring Matanuska Valley must be based upon fossil plants. Because the fossil plants are abundant and varied, they can also provide the basis for understanding the timestratigraphic sequence of the Tertiary rocks.
This report sets forth new conclusions concerning the ages of the Chickalwn, the Tsadaka, and the Kenai Formations of the Cook Inlet-Susitna Lowlands and the Matanuska Valley, based on the fossil floras they contain, and it names and describes three time-stratigraphic units based on fossil floras that can be recognized within the Kenai Formation and correlative stratigraphic units.
The report is based primarily on a study by Wolfe of about 50 collections of fossil leaves and fruits ob- Aside from reconnaissance descriptions and maps prepared in the course of general regional geologic studies by Capps (1913 Capps ( ,1935 , the Tertiary sedimentary rocks of the western and northern parts of the Cook Inlet region received little attention prior to the middle 1950's. Field studies by P. F. Barnes in 1961 (Barnes, 1966 were the first undertaken by the Geological Survey to be devoted primarily to the Tertiary rocks of the northwestern part of the Cook Inlet region.
New interest in the Tertiary rocks of the Cook Inlet region arose in the 1950's with the growth of commercial investigations of the petroleum possibilities there and with the discovery (from 1957 through 1965) of six oil fields and several gas fields in sedimentary rocks of the Kenai Formation. An aeromagnetic study of the Cook Inlet region by Grantz, Zietz, and Andreason (1963) and newly published information on total depths of stratigraphic test wells and production wells in the Cook InletJSusitna Lowlands provided the first information concerning the general configuration of the basin containing the Tertiary sedimentary rocks of the Kenai Formation. Extensive field and subsurface geological, mineralogical, palynologicaJ, and geophysical studies have been undertaken during the 1950's and 1960's by the staffs of several oil companies, but aside from brief accounts of the structure of the Swanson River oil field and the Kenai gas fields (Parkinson, 1962; Hazzard and others, 1963; Davison, 1963) and brief accounts of the general geology of the Cook Inlet region (Kelly, 1963; Hill, 1963 and in press) , results of these studies remain unpublished.
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EVOLUTION OF STRATIGRAPHIC NOMENCLATURE AND AGE ASSIGNMENTS
The first fossil plants illustrated from western North America came from Tertiary sediments in the (Cook Inlet area. Heer described and figured fossil plants obtained from sedimentary rocks now known as the Kenai Formation from Coal Cove a t the northern entrance to Port Graham (his "English Bay" locality) and from Ninilchik in "Flora fossilis alaskana" in 1869. Heer correctly diagnosed the "English Bay" flora as being of Miocene age, but elsewhere in the same work he diagnosed floras from Atanikerdluk, Greenland, and from the coal-bearing Tertiary sedimentary rocks of Spitzbergen as also being of Miocene age. Both the upper floras from Atanikerdluk, Greenland, and those of the coal-bearing rocks of Spitzbergen are now known to be of Paleocene age. I t should be noted, however, that the terms "Paleocene" and "Oligocene" did not come into wide use until the first decades of the 20th century and that the term V"1eocene" was not accepted by the Geological Survey until 1939.
Gardner (in Gardner and Ettingshausen, 1879, p. 8) , describing British Eocene floras, questioned the Miocene age assigned by Heer to the Atanikerdluk beds and Heer's Miocene age assignments for other floras, as well, saying :
There is no great break in passing from one to the other [Eocene to Miocene floras] when we compare them over many latitudes, and but little change beyond that brought about by altered temperature or migration. But if Tertiary floras of different ages a r e met with in one area, great changes on the contrary are seen, and these are mainly due to progressive modifications in climate, and to altered distribution of land. Imperceptibly, too, the tropical members of the flora d i m p peared; that is t o say, they migrated, for most of their types, I think, actually survive a t the present day, many but slightly altered. Then the mlbtropical members decreased, and the temperate farms, never quite absent even i n the Middle Eocenes, preponderated. As decreasing temperature drove the tropical forms south, the more northern must have pressed closely upon them. The Northern Eocene, or the temperate floras of that period, must have pushed, from their home i n the f a r north, more and more south a s climates chilled, and a t least, in the Miocene time, occupied our latitudes. The relative preponderence of these elements, I believe, will assist in determining tbe age of Tertiary deposits i n Europe more than any minute CODparisons of species. Thus it is useless to seek in the Arctic regions for Eocene floras, a s we know them i n our latitudes, for during the Tertiary period the climate conditions of the earth did not permit their growth there. Arctic floms of temporate, and therefore Miocene aspect, are i n all probability of Eocene age, and what has been recognized in them a s a newer or Miocene facies is due t o their having been first studied in Europe in latitudes which only became fitted for them in Miocene timee. Dall and Harris (1892, p. 234-249) named the beds at Coal Cove and Ninilchik, Alaska, the Kenai Group (and on p. 249, the Kenai Series) and proceeded to extend this name to all beds of suspected Tertiary age throughout Alaska. Thus, the names "Kenai Group," and "Kenai Formation" came for some years to be synonymous with nonmarine beds of suspected Tertiary age in Alaska, and "Kenai flora" to be applied to any Alaskan flora of suspected Tertiary age. Thus defined, the name "Kenai" was applied to beds now known to range in age from Albian to Pliocene. Although Dall and Harris discussed the Alaskan Tertiary sequence under the heading "Miocene of the Kenai Group," they acknowledged Gardner's view that the Atanikerdluk beds were of Eocene age and concluded (p. 252) that "it must be conceded that the view that the [Kenai Group ] is of Eocene age does not seam unreasonable."
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Two years later, in a review of the fossil floras of Alaska, Kowlton (1894) , was prepared to agree that those floras to which he assigned a Tertiary age represented the ' L A r~t i~ Miocene" of Gardner (1879, p. 8 ) and that they corresponded to the Eocene of Europe as well as to floras of Fort Union age in the United States. I n 1904, he placed a fossil plant collection from Kukak Bay on the Alaska Peninsula (and by implication all other "Kenai floras") in the upper Eocene.
The stratigraphic concept of the Kenai Formation was refined by Martin, Johnson, and Grant (1915) , who presented the first systematic description of the Tertiary sedimentary rocks exposed on Kenai Peninsula. In the meantime, Martin and Katz (1912) mapped the Tertiary sedimentary rocks of part of the Matanuska Valley, subdividing them into the Chickaloon Formation and the Eska lConglomerate (of former usage). Floras from the Chickaloon Formation were diagnosed by Hollick (in Martin and Katz, 1912, p. 49-52) as 'LArctic Miocene (Eocene)" and "probably Kenai." On this basis, Martin and Katz stated (p. 52) : "The Chickaloon Formation is shown by its flora to be certainly Tertiary and probably Eocene. I t is the local equivalent of at least part of the Kenai Formation of Cook Inlet and is the approximate equivalent of the Tertiary coal-bearing beds which are present in many parts of Alaska.'? Martin and Katz found no diagnostic fossils in their Eska Conglomerate; they stated (p. 54) that "the only conclusion that can be drawn regarding its age is that it is certainly Tertiary and is possibly the equivalent of the Miocene conglomerates that have been recognized at several places dong the Pacific coast of Alaska."
The name "Kenai flora" continued for many years to be applied to Tertiary floras far beyond the limits of the Kenai Peninsula, but the name "Kenai Formation" gradually became restricted to Kenai Peninsula. Smith (in Hollick, 1936, p. 28) The most obvious fact in conllection with the general facies of the flora is its unmistakable identity with the so-called Arctic Miocene flora of British America (Northwest Territory), Greenland, Iceland, Svalbard (Spitsbergen), New Siberia, Sakhalin, and elsewhere in the holarctic region. This flora is now recognized a s Eocene and is believed to be approximately equivalent to the flora of the Fort Union and allied formations in me United States and the Canadian Provinces. * * * *
In view of the facts above set forth the general similarity of the Alaska Tertiary flora to that of the Eocene in the States proper would appear to be demonstrated ; but i t may be objected that certain d the listed species also occur in strata more recent than the Eocene, that this fact has been ignored in the discussion of distribution and stratigraphy, and that these species might indicate a later than Eocene age for the flora. Inasmuch, however, as such species are relatively few, and a s certain of the Eocene species apparently persisted throughout Tertiary time and are represented in our existing flora, it would be logical to infer that many species persisted into later Tertiary time before becoming extinct and would therefore be recognized as elements in Oligocene, Miocene, and Pliocene floras.
Doubts were expressed as early as 1906 (Brooks, p. 238 ) that rocks containing the so-called Kenai flora were all of the same age :
At the type locality the Kenai is made up of only slightly indurated or entirely unconsolidated beds. The same terrane has, however, been identified in much more highly altered rocks which carry plant remains and also coal, such a s those of Controller Bay, Matanuska River, and Cantwell River. These facts are difficult to reconcile, and it appears that the deciphering of the Alaska Tertiary stratigraphy must await further investigations. It seems a t least possible that the Kenai series of the Pacific littoral may include horizons younger or older than the Upper Eocene, and in any event that all the coal-bearing beds of the Pacific coast province are not synchronous deposits.
Brooks' doubts in 1906 were eventually confirmed by Barnes and Payne (1956) in a detailed study of the Tertiary sedimentary rocks exposed in the Wishbone Hill district of the Matanuska Valley. Their careful mapping showed that the Eska Conglomerate of Martin and Katz (1912) actually consists of two-units separated by an angular unconformity and having contrasting degrees of lithification and structural complexity. Barnes and Payne (1956) proposed the name Wishbone Formation for the lower unit, which rests unconformably upon the Chickaloon Formation, and However, evaluation by Wolfe of new and old plant collections from Alaskan rocks whose age is determined by marine invertebrates clearly shows that floras of the same age in Alaska and in O~egon or Washington are similar on the specific level. In fact, except for the ubiquitous and long-ranging conifers such as Metmequoia, there is not one species known in both the Eocene flora of Alaska and the Miocene flora of Oregon. Even on the generic level, there is little resemblance ,between these two floras. Nearly all of the so-called "Arcto-Tertiary" genera are typical of the Oligocene and Miocene Alaskan floras rather than the Eocene.
The preliminary study of the floras reported by MacNeil, Wolfe, Miller, and Hopkins (1961) led to the conclusion that floras from Port Graham and Cache Creek (representing the Seldovian Stage of the present paper) are "no older than late Oligocene." Studies of Hollick's illustration led to the tentative conclusion that floras from the Kenai Formation at Homer (representing the Homerian Stage of this report) were correlative with those found in the Acila shumardi zone of the Alaska Peninsula and thus of Oligocene age. Pollen studies by Paul Wesendunk were cited as demonstrating that the Tsadaka Formation is equivalent to some part of the Kenai Formation. The Chickaloon Formation was thought to be of middle and early Eocene and possibly in part of Paleocene age. The preliminary conclusions reached in 1961 are revised and refined in the present report.
Recent exploration for petroleum and natural gas has shown that the Tertiary sequence reaches thicknesses probably exceeding 18,000 feet and possibly reaching 25,000 feet in some parts of the Cook Inlet lowland (Kelly, 1963; Hill, 1963 Hill, , 1966 Hazzard and others, 1963) . Petroleum geologists commonly apply the name "Kenai Formation'' to the entire Tertiary sequence in the Cook Inlet-Susitna Lowlands and the part of the Matanuska Valley that lies west of Moose Creek, although the sequence is said to contain at least two unconformities (Hazzard and others, 1963) , to include at least five thick sedimentary sequences of contrasting lithology (Kelly, 1963) , and to include basal beds thought to be of Paleocene age (Hazzard and others, 1963 ; Hill, 1966) .
I n this report, we shall follow the current practice of applying the name Kenai Formation to all beds in the Cook Inlet region that are or were probably once physically continuous with the beds of the Kenai Formation exposed in the type area. The name Tsadaka Formation is, however, retained for those beds in the Wishbone Hill district to which the name Tsadaka Formation was given by Barnes and Payne (1956) . We wish to emphasize that other workers (Kelly, 1963 ; Hill, 1963 Hill, , 1966 Barnes, 1966) have recognized several thick and distinctive lithologic units within the Kenai Formation. Further stratigraphic studies will probably result in the naming of several of these lithologic unib as formations and thus in raising the Kenai Formation once again to group status. The paleobotanical studies reported here demonstrate that the Tsadaka Formation is equivalent to only a part of the present Kenai Formation; thus the Tsadaka Formation probably will eventually become a formation within a "Kenai Group."
The floras reported here from the Kenai 
GEOLOGY
Most of the Cook Inlet region is underlain by igneous, volcanic, and sedimentary rocks of Mefsozoic age; these rocks constitute the basement upon which the Tertiary sediments were depited. The Matanuska Formation, the youngest part of the Mesozoic sequence, ranges in age from Albian to Maestrichtian(?) (Grantz and Jones, 1960) ; it consists mostly of clastic marine sediments. The Arkose Ridge Formation, which crops out in the southern Talkeetna Mountains just north of the Matanuska Valley, consists of coarse-grained clastic nonmarine sedimentary rocks of Albian or possibly Cenomanian age; it is possibly correlative with molluskdated marine beds in the lower part of the Matanuska Formation (Grantz and Wolfe, 1961) .
The Tertiary sequence includes two older and more strongly lithified formational units-the Chickaloon Formation and the Wishbone Formation-and two younger and weakly lithified formational units-the Kenai Formation and the Tsadaka Formation. The Wishbone Formation rests conformably upon the Chickaloon Formation ; both formations were deformed prior to deposition of the Kenai and Chickaloon Formations. The Tsadaka Formation rests with angular unwnformity upon the Wishbone and Chickaloon Formations, and it evidently interfingers laterally with beds that are low in the Kenai Formation.
The Chickaloon Formation is intruded by numerous dikes, stocks, and large sills in the eastern part of the Matanuska Valley. No intrusive rocks have been seen in the Wishbone Formation, but a small dike intrudes the overlying Tsadaka Formation at the eastern end of its outcrop area (Barnes and Payne, 1956, p. 23 and pl. 2). At Castle Mountain basaltic lava flows rest unwnformably upon conglomerate customarily correlated with the Wishbone Formation (Barnes, 1962a) .
The Tertiary sequence is covered throughout much of the Cook Inlet region by glacial drift of late Pleistocene age. The glacial cover is so extensive that exposures of the Tertiary rocks are largely limited to sea bluffs and to the walls of sharply cut stream valleys.
PALEOGENE STRATIGRAPHY
CHICKALOON FORMATION
The Chickaloon Formation, named by Martin and Katz (1912) , consists of a sequence of nonmarine clastic sedimentary rocks at least 5,000 feet thick that is exposed in many places in the Matanuska Valley between Hicks Creek and Moose Creek (fig. 3) . The formation is covered by younger Tertiary sediments west of Moose Creek, and the western limits of its distribution are not known.
The Chickaloon Formation appears to rest unconformably upon the Matanuska Formation of Cretaceous age in exposure on Anthracite Ridge (Waring, 1936, p. 11-12,17) and in the valley of Wolverine Creek Wolfe, 1961, p. 1765) ; it may lie conformably upon the Matanuska Formation near the mouth of Moose Creek and in the Knob Creek area (Barnes, 1962b) . The Chickaloon Formation is conformably overlain by the Wishbone Formation.
Small stocks, large sill-like bodies, and narrow dikes intrude the Chickaloon Formation. These intrusive bodies are especially abundant in the eastern part of the Matanuska Valley; they are rare in the Moose CreekEska Creek area (Barnes, 1962a) .
The Chickaloon Formation consists of interbedded claystone, siltstone, feldspathic sandstone, and conglomerate and includes many beds of bituminous coal in the Moose Creek, Eska Creek, and Chickaloon areas. Most of the coal beds in the Moose Creek-Eska Creek area are in the upper 1,400 feet of the formation (Barnes and Payne, 1956, p. 14) ; those in the Chickaloon area appear to lie about midway between the top and bottom of the formation (Capps, 1927, p. 42) . Carbonate concretions and thin beds of fresh-water limestone are scattered throughout the formation.
Thick beds of conglomerate are a major component of exposures of the lower part of the Chickaloon Formation near the Chugach Mountain front in the vicinity of Wolverine Creek and along the base of Arkose Ridge northwest of Moose Creek, but conglomerate beds are scarce in the lower part of the Chickaloon Formation adjoining the Castle Mountain fault northeast of Moose Creek (Barnes, 1962a, Barnes and Payne, 1956, p. 15) . The basal part of the formation in the Anthracite Ridge area consists of thick-bedded greenish-gray sandstone and a poorly defined pebbly sandstone which may represent a basal conglomerate containing well-rounded pebbles of quartz and chert in some places and angular pebbles of shale presumably derived from the Matanuska Formation in others (Waring, 1936, p. 12-13 Capps (19271, Grants and Jones (1960) l. Barnes and Payne (1956) , and Barnes (1962a) .
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(F. F. Barnes, unpub. data) fig. 3 ) ; beds exposed in the bluffs along the north bank of the Matanuska River just west of the mouth of Moose Creek (loc. 5892) ; the canyon of Wolverine Creek (loc. 9874) ; and beds exposed along the old alinement of the Glenn Highway just west of Packsaddle Gulch (1%. 9877). The flora from locality 9870 was obtained from the Burning Bed coal group, and the flora from locality 9881 is a composite collection from several horizons within and between the Premier and Jonesville coal groups; these floras represent the upper 800 feet of the Chiclialoon Formation (Barnes and Payne., 1956, pl. 6 ). The floras obtained from strip-mining pits at localities 9872-9874 are in a structurally complex area in which individual coal groups cannot be continually traced (Barnes, 1962b) , but the floras are thought to represent the same interval. The Mat,anuska Bluffs flora was obtained at the base of a 1,500-foot sequence that probably lies entirely below the coal-rich upper part of the 
FLORA AND AGE
We hav0 obtained megafossil floras from the following locations: the coal-bearing sequence exposed in strip-mining pits in the Moose Creek, Eska Creek, and 
----
Chickaloon Formation represented by the floras from the strip-mining pits (Barnes and Payne, 1956, pl. 6) , although the actual height of the horizon above the base of the Chickaloon Formation is unknown. The Wolverine Creek flora was collected in a siltstone bed interstratified with conglomerate and lying about 1,000 feet above the base of the Chickaloon Formation. The stratigraphic posikion of the Packsaddle Gulch flora is unknown.
The discussion that follows is based on a study of some of the elements in these floras. We also obtained small megafossil floras from several localities in the Chickaloon River area, but these localities have not added any species not recognized in the Matanuska Bluffs and Wishbone Hill material and are not discussed here. Pollen floras recovered from the Chickaloon Formation thus far are small and poorly preserved ; they have been given only a cursory examination and are not discussed here.
The most diverse and best preserved floras in the Chickaloon Formation are those that occur in the upper part in the Moose Creek-Eska Creek-Knob Creek area. These floras have many species in common, and some of these species are diagnostic of Paleocene floras in other parts of the world. The Matanuska Bluffs and Wolverine Creek floras do not differ greatly from floras in the upper part of the Chickaloon Formation and also contain some diagnostic Paleocene species. The Packsaddle Gulch flora is considerably different from the other floras, but it contains at least two ferns known from the Fort Union Formation of Paleocene age in the northern Great Plains. Thus, the Chickaloon Formation appears to be entirely of Paleocene age.
Several of the most characteristic species of the Chickaloon flora are listed in table 1. As can be seen from that table, many of these forms are widely distributed in Paleocene rocks. Dennstaedtiu americana, Onoclea hesperh, Trochodendroides serrmlata, "Planera" microphylla, Carya antipuora, Qtcercophylhm groedandicw, Dicotylophylltcm flemosa, Anemia elongata, and Hymenophyllzcm confusum are restricted to beds of Paleocene age outside of Alaska and thus are valuable indices to this epoch.
The Paleocene floras that most resemble the Chickaloon flora are the Fort Union flora of the northern Great Plains (Brown, 1962) and the Upper Atanikerdluk flora of northwestern Greenland (Heer, 1868) . The Paleocene age of the Fort Union Formation is well established on the basis of fossil mammals ( Wood and others, 1941) , and the Atanikerdluk flora is well dated by its stratigraphic relationship with beds containing a rich marine molluscan fauna of early Paleocene age (Koch, 1959 (Koch, ,1963 . The general aspect of the Chicks-OOK I N L E T REGION, ALASKA loon and Atanikerdluk floras is similar, and at least 10 species are common to both floras. The resemblance between the Chickaloon and the Fort Union floras is considerably stronger. Of the 36 well-defined species reported here from the upper part of the Chickaloon Formation, 18 are also known from the Fort Union. None of the species that occur in the Chickaloon Formation contradict a Paleocene age.
I n the latest correlation chart of the Alaskan Tertiary (MacNeil and others, 1961) rocks of Paleocene age were definitely recognized only in the Sagavanirktok Formation north of the Brooks Range, but the present study has resulted in the recognition of the Paleocene Series in several other areas in Alaska. The fossil floras from Hamilton Bay on Kupreanof Island in southeastern Alaska (locs. 3652, 4389, 4391, 4392, 7474, 7565) and from Chignik Bay (locs. 3519, 3522, 3523) on the south side of the Alaska Peninsula contain several species also found in the Chickaloon Formation (table  1) The Chickaloon floras probably grew in a subtropical or warm-temperate climate. Although the questionable familial relationships of many of the Chickaloon genera make it difficult to draw conclusions from Recent distributions, almost 50 percent of the Chickalaon species has entire margins, indicating a warm-temperate or a subtropical climate. Dennstaedtia, Macaranga, Melanolepis, and the fan palms grow today in warm climates. The presence of Metasequoia, Carya, and Acer does not contradict this conclusion ; the distributions of both living and fossil species of these genera indicate that d l have been represented in subtropical and warm-temperate floras during some part of Cenozoic time.
FRESH-WATER MOLLUSKS
Fossil fresh-water mollusks were found in the Chickaloon Formation in several places, but only those from USGS Cenozoic locality 23367 on the Chickaloon Rivw were preserved well enough for identification. D. W.
Taylor determined the following gastropods : Bellamya westoni (Tozer) 8; Campeloma edmontonense Tozer; Thiaridae?, indeterminate.
The two forms identified to species are previously known only from Maestrichtian beds in western Alberta but, according to Taylor, could well have longer time ranges. Ecologically, the mollusks add little information ; both genera have extant species that live in warmtemperate to tropical climates.
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WISHBON18 FORMATION
The Wishbone Formation, named by Barnes and Payne (1956) , consists of a sequence 2,000 to 3,000 feet thick of coarse-grained clastic nonmarine sedimentary rocks exposed at Wishbone Hill (between Moose Creek and Eska Creek) ( fig. 3 ). The Wishbone Formation rests conformably and gradationally upon the Chickaloon Formation. I t "consists chiefly of conglomerate, but includes many interbeds of crossbedded feldspathic sandstone, a few lenticular beds of siltstone, and some claystone. The conglomerate consists of firmly cemented pebbles of fine-grained igneous and metamorphic rocks, chert, vein quartz, and jasper in a sandy matrix" (Barnes, 1962a) . Pebbles of granitic rocks are scarce. Barnes (19&2a) assigned conglomerate beds overlying the Chickaloon Formation at Castle Mountain to the Wishbone Formation, although, because fossils are lacking, the possibility cannot be excluded that these beds are more nearly correlative with the Miocene Tsadaka Formation. At Castle Mountain, the conglomerate assigned to the Wishbone consists of "alternating beds of conglomerate 5 to 50 feet or more in thickness and arkosic sandstones that range from a few inches to 40 feet. The basal portion of the conglomerate is coarse and contains pebbles as much as a foot in diameter. The pebbles consist mainly of igneous materials, including acidic porphyry, fine-grained basic rocks, granite, and diorite, as well as quartz, greenstone, and metamorphic rocks of various typed' (Capps, 1927, p. 45) .
The Wishbone Formation and the overlying Tsadaka Formation were originally included in the Eska Conglomerate of Martin and Katz (1912) , but Barnes and Payne (1956) showed that the two formations differ in degree of lithification and structural complexity, that granitic pebbles are scarce in the Wishbone Formation at Wishbone Hill and abundant in the Tsadaka Formation, and that the two formations are separated by an angular unconformity. The Wishbone Formation has not yielded identifiable fossils; however, it is thought to be at least partly of Paleocene age because it rests conformably and gradationally upon the Chickaloon Formation. Some Eocene rocks may also be included. The Tsadaka Formation is of Miocene (Seldovian) age, as is shown in later paragraphs.
NEOGENS STRATIGRAPHY EENAI AND TSADAKA FORMATION8
The Kenai and Tsadaka Formations occupy a roughly elliptical basin (the Shelikov trough of Payne, 1955) extending from the vicinity of the Peters Hills southward to and beyond Seldovia and Cape Douglas (pl. 1).
The K w i Formation consists chiefly of sandstone, 1 siltstone, and claystone in the central part of the basin and also in some marginal areas. Coal or lignite beds 1 are atremely abundant in some parts of the sequence.
Beds and lenses of pebbly sandstone or pebble ccmglomerate are scattered sparsely through the sequence ' throughout the basin. The Tsadaka Formation consists chiefly of conglomerate and coarse-grained sandstone in the Wishbone Hill district, but Barnes and Payne (1956 ) also referred to the Tsadaka Formation 1 a 1,000-foot sequence of predominantly sandy-textured rocks containing only a few interbeds of conglomerate found in exploratory holes drilled by the Geological Survey in 1932 about a mile west of the head of Tsadaka Canyon (Waring, 1934) . The paleobotanical studies described in this report confirm that the beds found in the Geological Survey drill holes are approximately the same age as the Tsadaka Formation.
The thick conglomerate sequence of the Tsadaka Formation constitutes a major part of the Neogene section at the margin of the basin in the Wishbone Hill district, and thick unnamed sequences of conglomerate are present in the Kenai Formation-possibly at several stratigraphic levels-in a marginal belt extending along the west edge of the Cook Inlet region from the vicinity of the Peters Hills southward to at least the vicinity of Chinitna Bay. Conglomers~te beds form a relatively minor part of the Kenai Formation in exposures along the south shore of Kachemak Bay. No published information is available concerning the lithology of the Kenai Formation at the perimeter of the basin in other areas.
The best exposures of the marginal parts of the Kenai Formation are those found in several places along the south shore of Kachemak Bay between Port Graham and a point 5 miles northeast of Seldovia. Sedimentary rocks of the Kenai Formation there bury a rugged topography carved in sedimentary and volcanic rocks of Jurassic age and having a local relief of at least 100 feet. The small exposures of the Kenai Formation between Seldovia and Port Graham consist of places where the present shoreline intersects a narrow, steepwalled northeast-trending canyon cut in the Jurassic rocks and subsequently filled with Nwgene clastic sediments (pl. 1) ; the exposures northeast of Seldovia apparently represent material filling a somewhat larger erosional valley or basin to which the buried canyon may have been tributary. The Neogene clastic sediments in these exposures along the south shore of Kachemak Bay consist of sandstone, siltstone, and claystone with a few thin lignite beds. These grade into masses of conglomerate and taluslike or colluviumlike breccia in zones a few tens to a few hundreds of feet wide adjoining the buried slopes carved in the Jurassic Martin, Johnson, and Grant (1915) although these authors interpreted as fault breccia the fossil talus or colluvium shown near the left and right margins of their figure 2.
I n the western Matanuska Valley and along the west margin of the Cook Inlet region, thick masses of Neogene conglomerate adjoin modern steep mountain slopes underlain by older rocks. The presence of this conglomerat,e and of rugged topography buried beneath sediments of the Kenai Formation near Seldovia suggests that the original basin in which the Neogene rocks were deposited may not have been much larger than the area presently underlain by the Kenai and Tsadaka Formations. Kelly (1963) distinguished five lithologic zones in wells penetrating the Kenai Formation in the central part of the basin. From top to bottom, these include his zone 1, about 5,000 feet thick, composed of massive sand beds; zone 2, several thousand feet thick, composed of sandstone, shale, and lignite; zone 3, several thousand feet thick, compmed of siltstone, shale, and low-rank coal; zone 4, the "Hemloclc producing zone" of local petroleum geologists, composed chiefly of conglomerate and sandstone and having a total thickness of about 700 feet; and zone 5, consisting of several hundred feet of siltstone and shale. Hill (1963, p. 197) indicated that the upper massive sand sequence (Kelly's zone 1) is charactei.ized by pollen assemblages rich in birch and alder and that the sandstone, shale, and lignite or coal sequence below (Kelly's zones 2 and 3) is characterized by pollen assemblages containing elm and hickory. Kelly's zone 1 of massive sand beds contains several large accumulations of methane gas on both the east and west sides of Cook Inlet (Kelly, 1963) ; gas has also been obtained in a thick sandstone zone within Kelly's zone 2 (Hill, 1963 , p. 1 9 ) Kelly's zone 4, the "Hemlock producing zone," yields petroleum in the Swanson River oil field of northwestern Kenai Peninsula and in several newly dis-. covered oil fields on and near the northwest shore of Cook Inlet. Kelly suggested that the "Hemlock pro-, ducing zone" corresponds to the Chickalon Formaticm, ' and Hill assigns a Paleocene( 1 ) age to some part of the Kenai FormatJion found in the subsurface, but no ' paleontological substantiation for these age assignments has been published.
Sections of thick sequences of Neogene rocks based on surface exposures have been measured for the Kenai Formation only in the area between Swift Creek and Clam Gulch by Barnes and Cobb (1959) . They have described a stratigraphic section approximately 5,000 feet thick in the area extending eastward from Anchor Point along the north shore of Kachemak Bay and another stratigraphic section approximately 2,000 feet thick in exposures along the east shore of Cook Inlet between Cape Starichkov and Clam Gulch. Their Cape Starichkov-Clam Gulch measured section lies mostly above their Kachemak Bay measured section, but the lower part may include some rocks correlative with the highest part of the Kachemak Bay measured section. The Kachemak Bay measured section consists of a lower, predominantly fine-grained sequence in which the clastic beds are strongly lithified and the organic beds consist of subbituminous coal and an upper sandy sequence in which the clastic beds are only weakly lithified and in which the organic beds consist of lignite. Only the weekly lithified sandy and lignitic sequence is represented in the Cape Starichkov-Clam Gulch measured section. Lithologic comparisons, comparisons in the rank of coal beds (Barnes, 1962c) , and comparison with the character of the pollen floras summarized by Hill (1963) all suggest that Barnes and Cobb's upper weakly lithified sandy and lignitic sequence corresponds to Kelly's zone 1 and Rill's "birch-alder zone." Barnes and Cobb's lower well-lithified coaly sequence probably corresponds to Kelly's zone 2 and part of his zone 3 and to part of Hill's "elm-hickory zone."
STRUCTURE AND TECTONICS
The boundaries of the area underlain by Tertiary rocks in the Cook Inlet region (pl. 1) appear in most places to represent the outcrop of the unconformity that separates the Neogene sequence from older rocks. I-Iomever, the basin is bounded by the Castle Mountain fault along the north side of the western Matanuslta Valley and by minor faults in several other localities.
A major fault may also constitute the south boundary of the basin between Knik Arm and Kachemak Bay. I n that area, a nearly linear escarpment that is probably a fault scarp separates the pre-Tertiary rocks exposed in the rugged Kenai-Chugach Mountains from the lowlands to the northwest which are apparently underlain by the Kenai Formation.
The basin containing the Kenai Formation is divided into a deep southeastern segment and a shallow northwestern segment by a major structural discontinuity consisting of the Bruin Bay fault, the Moquawlcie magnetic contact, and the part of the Castle Mountain fault that lies east of Theodore River (Gmntz and others, 1963) . Paleobotanical correlations suggest that areas south and east of this major structural discontinuity were subsiding much more rapidly than areas to the north and west while the Neogene sedimentary rocks were accumulating because the individual provincial stages defined in this report appear to be represented by STRATIGRAPHY AND PALEOBOTANY A13 much thicker stratigraphic sequences south and east of the discontinuity than to the north and west. The Bruin Bay fault and the Moquawkie magnetic contact may no longer be active structural features, but the part of the Castle Mountain fault, that lies east of Theodore River has undergone movement within late Quaternary time; its trace across the Susitna valley is marked in many places by scarplets that transect morainal features of the Naptowne ("classical" Wisconsin) Glaciation (Karlstrom, 1964) .
Superimposed upon the major basinal structure are several broad, gentle northeast-trending folds having a structural relief of several thousand feet. Dips on the flanks of these folds as seen in surface exposures and in published cross sections of subsurface structural features (Parkinson, 1962; Hill, 1963) Mountain-Moquawkie-Bruin Bay structural discontinuity, but their cores remain deeply buried beneath a thick cover of Neogene and Quaternary sediments (Kelly, 1963) . Some of these folds were already growing while the Kenai Formation was accumulating. Det,ailed correlations between development wells in the Swanson River oil field show that individual stratigraphic units thin over the crest of the low anticline there (Kelly, 1963, p. 296; Parkinson, 1962, p. 182) . Topographic anomalies on surfaces underlain by sediments of Quaternary age suggest that some of the anticlines may still be active (Kelly, 1963, fig. 9 ; Hill, 1963) .
Smaller folds and small high-angle faults are superimposed upon the larger structural features in some areas. Small, steep, closely spaced folds in the Kenai Formation exposed in Cache Creek valley near localities 9867 and 9868 (pl. 1) may represent landslide masses. Barnes (1966) noted similar small areas of extremely disturbed structural features along the walls of valleys cut deeply into the Kenai Formation northwest of Cook Inlet. Elsewhere, the small faults that cut the Kenai Formation typically have displacements of no more than a few tens of feet. Minor faults in the Swanson River oil field appear to show increasing displacements with increasing depth (Parkinson, 1962, p. 182) . This observation suggests that the faults were developing while the Kenai Formation was being deposited as was the major anticline upon which they are superimposed. PROVINCIAL 
STAGES
Surface exposures of the Kenai Formation contain abundant fossil leaf floras of varied character. Some of the differences among the local fossil leaf floras reflect differences in the ecological conditions that prevailed nearby when the enclosing sediments were deposited. For example, fossil floras collected in the central part of the basin are generally poorer in species and genera than fossil floras collected at approximately the same stratigraphic level near the margin of the basin. Floras from the central part of the basin consist largely of taxa whose nearest living relatives thrive in pond, swamp, and flood-plain enviroments; floras collected nearer the basin margin contain a better representation of the taxa that grew best in the varied sites available in a welldrained environment. However, certain consistent differences among the local fossil leaf floras are clearly correlated with differences in stratigraphic position within the Kenai Formation and are thought to reflect differences in the age of the enclosing beds. For example, beds low in the exposed part of the Kenai Formation contain leaves of species of Ahus and SaZh, among other genera, that appear to be ancestral to some of the species of AZnw and SaZix represented by leaves in higher beds of the formation. Beds low in the exposed part of the formation contain varied floras of a generally warm-temperate character, but beds high in the formation contain floras closely related to the present depauperate Hudsonian and Boreal forest of southern and central Alaska.
Pollen floras obtained from the Kenai Formation also show differences that are correlated with approximate stratigraphic position and that therefore reflect evolutionary changes in the regional vegetation, as well as differences that can be correlated with geographic position within the basin. Differences due to geographic position are less conspicuous in the pollen floras than in the leaf floras because some pollen types can be transported long distances by wind; consequently, upland plants are commonly represented by a few pollen grains in samples from positions in the central part of the basin where leaves of upland plants are entirely lacking in the megafossil collections. I n spite of this fact, the pollen floras are less useful than the leaf floras for age determination because pollen grains generally can only be distinguished at the generic level, whereas wellpreserved leaves can generally be distinguished at the species level. Our age determinations based on pollen samples taken from the Kenai Formation during the present study must depend more upon the abundance and variety of exotic genera than upon the presence or absence of taxa known to have a narrowly restricted stratigraphic range. Furthermore; pollen grains are A14 TERTIARY BIOSTRATIGRAPHY, COOK INLET REGION, ALASKA readily eroded and redeposited, and reworked pollen grains commonly are not distinguishable from grains derived from plants living at the time that the enclosing sediments were deposited. Consequently, the presence at a given stratigraphic level of single grains of pollen of exotic taxa cannot be interpreted confidently as evidence that those taxa were living in the area when the enclosing beds were laid down. I n spite of these reservations, our preliminary palynological studies generally have confirmed and amplified the stratigraphic results of our studies of the megafossil floras.
Three time-stratigraphic units can be recognized within the Kenai Formation on the basis of the fossil leaf floras they contain. The lowest of these lthree units contains widespread floras much like the floras contained in beds of comparable age in Oregon, Washington, and Japan; we can state confidently that this unit includes beds of early or middle Miocene age because its floras include taxa diagnostic of approximately the first half of the Miocene Series. Floras within the two higher time-stratigraphic units become increasingly provincial and are more difficult to place within the framework of Pacific Basin upper Miocene and Pliocene stratigraphy. Nevertheless, Neogene beds in many other areas in Alaska can be correlated with one or another of the three time-stratigraphic units recognized within the Kenai Formation because they contain similar floras. Thus, these three units provide a useful standard on which to base correlations and age assignnleiits withill Alaska and probably within adjoining parts of Siberia and northwestern Canada. For these reasons, the three time-stratigraphic units are defined and described on the following pages as the Seldovian (Oligocene? and Miocene), Homerian (Miocene and Pliocene ? ) , and Clamgulchian (bfiocene? and Pliocene) provincial stages.
The Tsadaka Formation contains a flora diagnostic of the Seldovian Stage, an indication that the formation is equivalent in age to the oldest part of the Kenai Formation found in surface exposures. The lowest part of the Kenai Formation penetrated in petroleum exploration wells, however, may consist of beds that are not present in any surface exposures from which we have floras and that may be appreciably older than the Seldovian Stage. Our paleobotanical studies indicate that beds belonging to the Seldovian Stage can be distinguished by their contained leaves from beds of Oligocene age on Sitkinak Island and in the Gulf of Alaska, as well as in Oregon and Washington (see Wolfe, 1966) . Some of the lowest beds found in subsurface penetrations of the Kenai Formation may be of Oligocene age or older.
I Seldovian Stage
DEFINITION
The Seldavian Stage is proposed as a provincial timestratigraphic unit that encompasses all plant-bearing strata in Alaska and in adjoining parts of the same ancient floristic province that are of approximately the same age as those parts of the Kenai Formation represented in the type section along the Chuitna River and near Capps Glacier and in the reference section near Seldovia Point, 2 miles north of Seldovia. Rocks belonging to the Seldovian Stage are recognized primarily on the basis of the fossil floras that they contain. The stage is named after Seldovia Point because strata of the Kenai Formation exposed in sea cliffs % to 3 miles east of Seldovia Point on the south shore of Kachemak Bay contain an especially rich flora that includes most of the elements upon which recognition of the Seldovian Stage is based. These exposures, briefly described by Martin (in Martin and others, 1915, p. 82) do not display either the top or the bottom of the Seldovian Stage; they are therefore designated as a reference section rather than a type section. The type seetion of the Seldovian Stage is designated as the sequence of strata of the Kenai Formation that is exposed on the flanks of the ridge south of Capps Glacier and along the walls of the upper valley of the Chuitna River downstream to the position of our locality Dl949 (pls. 1 and 2.)
The top of the Seldovian Stage is designated in the type section as lying at the level of the coal bed from which our pollen specimen Dl949 was collected. This specimen contains a typical Seldovian pollen flora. A calcareous siltstone bed lying stratigraphically about 50 feet above this coal bed and represented by our locality 9844 contains a leaf flora typical of those contained in rocks of the Homerian Stage.
We are not prepared at this time to define the base of the Seldovian Stage with precision. Recognizably older floras are not known below the type section or in any other surface exposures of the Kenai Formation of which we are aware. On Sitltinak Island, however, fossil plants have been collected from a coal-bearing unit that conformably underlies marine rocks of earliest 
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A third collection (loc. 10003) comes from a locality that is thought to be at or below the horizon of locality 10002; this third collection contains Alnus n.sp. aff.
A. evidens, Carpinus n,sp. aff. 0. cappsewis, and Cercidiphyllum crenutum. The first two species are related and probably ancestral to species that we consider to be diapostic of the Seldovian Stage. Thus, the Nickles collection is placed in the lower( ?) Seldovian, but the two lower collections (10002, 10003) are wnsidered to be pre-Seldovian. A more precise definition of the position of the base of the Seldovian Stage must await additional collecting. The leaf floras of the Seldovian Stage show some individud variation from one locality to another. This floristic variation is undoubtedly due in part to former environmental differences between parts of the Cook Inlet region during Seldovian time. For example, the richness of Seldovia Point flora (10~s. 6061, [9856] [9857] [9858] probably reflects the diversity of the ecological and topegraphic conditions that prevailed there during Seldovian time, and the strong dominance of Betulaceae in Seldovian beds from many other parts of the region probably reflects the rather monotonous topography and the wide distribution of poorly drained sites that must have prevailed in areas nearer the center of the basin of sedimentation.
However, we think that at least part of the variation among different Seldovian floras reflects difference in age. The floras from Tsadaka Canyon, Little Susitna River, Redoubt Point, and Harriet Point have several similarities that set them somewhat apart from other Seldovian floras. These similarities include the lack of m-hite oaks or other Fagaceae, a scarcity of maples (only one species, Acer fatisiaefolia, is known in these floras), and the occurrence of A7nu.3 esidens and Corylus harrimani. In contrast, the Seldovia Point flora, the Capps Glacier localities, and the Cache Creek localities have white oaks and other Fagaceae (abundant in the Seldovia Point flora), diverse maples, and Alnus cappsi. In addition, species of Xalh that are closely related to Homerian or Clamgulchian forms are known mostly from floras containing white oaks and Ainus cappsi, and the predominantly Homerian species Spiraea weaveri is known from the Seldovian locality at Houston along with white oaks and Atnzcs cappsi. Although we have not yet found the two types of floras in a single continuous stratigraphic sequence, the floras containing Atnus evidem or C o r y k~ harrimani and lacking Fagaceae or maples other than Acer fatisiaefotia are thought to be older than the floras containing Ainus cappsi, Fagaceae, and diverse maples ; we therefore designate them tentatively in this paper as lower ( a ) and upper(?) Seldovian floras, respectively.
The pollen and spore samples of the Seldovian Stage that have been studied come from the type Seldovian section in the Capps Glacier-Chuitna River area (seven samples) and from the referred Seldovian section near Seldovia Point (two samples). Grain counts are based on at least 100 grains except for one sample (~1 7 1 9 ) in which only 36 gains were recovered.
The most notable characteristic of all the Seldovian microfossil samples is the large proportion of &coty-ledon pollen exclusive of Betulaceae. Most of these dicotyledons represent genera now exotic to Alaska : Carya, Juglans, Pterocarya, Ulms-Zelkova, Liquidambar, Zbz, Tilia, and Nyssa. We have not observed all these genera in any one sample, although in various at least four are present in any given sample. Ulmus-Zelko.va is present in all samples, carya and Pterocarya in eight, and Nyssa in seven. Two have a low (1 and 1.5 percent of pains counted) of this exotic dicotyledon element, but the other seven samples have between 7 and 92 percent; locality Dl949 (pl. 2), which is taken here as the top of the Seldovian in the type seotion, has 8 percent.
Pimcs pollen is present in all samples and ranges in abundance from 1 to 18 percent. Picea is noted, sometimes in abundance (as much as 23 percent) in seven 
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samples, but Abies and Tsuga are never abundant and occur in three and six samples, respectively. Pollen of Betulaceae is found in all the samples, typically in abundance (as much as 88 percent). Except in two samples, Alnus is more abundant than pollen of the Betula-type (BetuZa, Carpinm, Ostrya). Ericales are represented in five samples but do not compose more than 4 percent of any tally.
MOLLUBKB
With one exception, all the identifiable fresh-water mollusks from the Kenai Formation are from beds definitely of Seldovian age. Mayer (in Heer, 1869) described three species of mollusks from the Seldovian beds exposed at Coal Cove, Port Graham. D. W.
Taylor has reclassified two of these mollusks as Plesielliptio onariotis (Mayer) and Melanoides furuhjelmi (Mayer) . Taylor considers that the third mollusk, "Pahdina" abavia Mayer, may be one of the Hydrobiidae, perhaps Litbglyphus. Both Plesieltiptio and Melanoides also occur at Houston, Alaska (USGS Cenozoic loc. 23343, same as USGS Paleobotany loc.
9365; see (pl. 1). A fauna from the Eagle River locality (USGS Cenozoic loc. 23368, same as USGS Paleobotany loc. 9864) may also contain Plesielliptio onariotis, but the material is too poor to be certain. Fresh-water gastropods, including a new species of Campelomn and a probable new species of Bellamya, also were obtained at Eagle River.
The upper ( 1 ) Seldovian floras appear to be correlative with the floras of either Wolfe7s zone 2 or zone 3, which are considered to be of late early and early middle Miocene age, respectively.
The lower ( 8 ) Seldovian floras have not been as extensively collected as have the upper( ?) Seldovian floras, and thus their correlation is less certain. Several lower ( ? ) Seldovian species are indicative of a Miocene age : U h u s sp. aff. U. newberry, Acer fatisiaefoZia, and Pterocarya nigella. P. nigella is especially significant because middle and upper Oligocene rocks in Oregon and Washington contain a related and probably ancestral species. Similarly, on Big Sitkinak Island Oarpinw cappsens& and Alnus evidem are probably descended from closely related species found in the nonmarine beds that lie below beds containing an early Miocene marine molluscan fauna (Wolfe, 1966) and below beds that contain A. evidens. An age of earliest Miocene seems most probable for the lower(2) Seldovian floras, but we cannot exclude the possibility that some of them may be of latest Oligocene age.
Pollen of the Compositae is not certainly known in other parts of the world in beds of pre-Miocene age, but it is abundant in some Miocene beds. We have not found Compositae pollen in any Seldovian flora, but we do not feel that any age significance can be attached to its absence. The upper( 8) Seldovian floras contain several species that are restricted to beds of early and middle Miocene age in Oregon and Washington : SaZim inquirenda, Aln w fairri, A. healyemis, Qwrcus bretzi, CoccuZus aurieulata, Platanus bendirei, Alchornea? n. sp., and Prminm n. sp. "A." Some Seldovian species have an early and middle Miocene age range in Japan: Fagus antipofi, Cocculths au-ta, and Acer ezoanum. None of the other species known from upper(?) Seldovian floras contradict an age assignment to the early half of the Miocene Epoch. Moreover, these floras probably are not of earliest Miocene age; in Washington and Oregon, the lobed oaks and Cocczclw do not appear in the floras assigned to Wolfe7s zone 1 (Wolfe, 1962, table 89 .1) representing the basal part of the Miocene Series.
The Homerian Stage is proposed as a provincial timestratigraphic unit that encompasses all plant-bearing strata in Alaska and in adjoining parts of the same ancient floristic province that are of the same age as those parts of the Kenai Formation represented in the type section near Homer and in the reference section in the valley of the Clluitna River. Rocks belonging to the Homerian Stage are recognized primarily on the basis of the fossil floras that they contain. The stage is named after the town of Homer.
The type section of the Homerian Stage is designated as the sequence of strata of the Kenai Formation approximately 2,000 feet thick that is exposed in coastal bluffs and in steep gullies and canyons along the east shore of Cook Inlet and the north shore of Kachemak Bay from Troublesome Gulch (loc. 4129, pl. 1) past the town of Homer to Fritz Creek (loc. 9853, pl. 1). A geologic map, geologic sections, and correlated measured stratigraphic sections of the beds included in the type section are given by Barnes and Cobb (1959. pls. 18 and 19) . Early in our investigation, Wolfe (in MacNeil and others, 1961) erroneously placed the type Homerian beds below beds that we now assign to the Seldovian Stage, basing his conclusions on study of published illustrations of a few species from each of these floras. However, study of new leaf and pollen floras from the Capps Glacier and Chuitna River area (pl. 2) and of pollen floras from wells penetrating strata of both stages indicates clearly that the Homerian Stage is younger than and lies stratigraphically above the Seldovian Stage. This conclusion is reinforced by Wolfe's systematic studies (Wolfe, 1966) , which show that Seldovian species are consistently morphologically more similar to Oligocene species than are Homerian species. Furthermore, Homerian pollen and leaf floras are more depauperate and more similar to Recent Alaskan floras than are Seldovian floras.
The stratigraphically highest flora in the type section of the Homerian Stage is that obtained at locality 9853 immediately west of Fritz Creek. No fossil plants have been collected from the approximately 1,500 feet of strata between localities 9853 and 9855 ; the latter is the lowest locality assigned here to the Clamgulchian Stage. We propose that all or part of the beds in this interval should be assigned to the Homerian Stage if they contain A2nw adumbrata or to the Clamgulchian Stage if they contain Alnus gchmidtae.
The pollen and spore flora from the Homerian type section is known from five samples, and we have one sample (D1'717, pl. 2) that lies several hundred feet stratigraphically above the beds at locality 9844, which are considered to be the lowest Homerian rocks in the @huitna River reference section (pl. 2).
I n contrast to the richness and abundance of the exotic dicotyledon element in the Seldovian pollen floras, this element is poorly represented in the Homerian pollen floras. Thus far, only three exotic dicotyledon genera are known; Carya and Pterocaya each have been found in two samples, and UZmw, in three. --------------------------------------------------------------------- ------ ------ ------ Chaney and Axelrod, 1959, p. 158) .
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Unnamed beds on the west shore of Port Moller on the Alaska Peninsula (loc. 5182, fig. 1 ) have produced a small Homerian flora containing S d i x kache?~u&ertsis and S. azcc~kana. The age of these beds is not certainly known, but on lithologic and stratigraphic evidence, C. A. Burk (oral commun., May 1963) considers them to be equivalent to marine beds exposed east of Port Moller which contain a molluscan fauna that F. S. MacNeil (oral commun., July 1963) The type section of the Clamgulchian Stage is designated as the sequence of strata of the Kenai Formation at least 2,000 and possibly 3,000 feet thick that is exposed in coastal bluffs along the east shore of Cook Inlet from Happy Creek (loc. 9883, pl. 1) northward to a point 4 miles north of Clam Gulch (loc. 9860). The type section has yielded several good floras, but we do not have large floras from either the top or the bottom of the stage there. Floras from less than 1,500 feet above the base of the stage are present, however, in exposures in sea bluffs and steep gullies and canyons along the north shore of Kachemak Bay between Cottonwood Creek (loc. 9855) and Swift Creek (loc. 9859). Geologic maps, geologic sections, and correlated measured sections are given for the type section and the reference section by Bmnes and Cobb (1959, pls. 17,18, and 19) .
The strata definitely assigned to the Clamgulchian Stage in the reference section on the north shore of Kachemak Bay include approximately 1,500 feet of beds that lie above Barnes and Cobb's (1959, pl. 19 ) coal bed G and that are exposed between Cottonwood Creek and Swift Creek. The upper part of this sequence consists of poorly lithified clastic beds and of lignitic organic beds, as does the sequence that constitutes the type section. The lower part of the strata exposed in the reference section, however, is well lithified. The organic beds consist of subbituminous coal and are similar in general lithologic character to the strata making up the Hoinerian Stage in the type section.
The 
A21
decrease than the Homerian pollen floras in the exotic dicotyledon element. Although four samples contained pollen of exotic genera-Pterocarya, Ulmw, Liquidambar, and TiZia--each is represented by only a single grain. Because Pterocarya and UZmus are represented by foliage and pollen in known Homerian rocks, both of these genera may have survived into the Clamgulchian. i3puidambar and TiZia, however, are unknown in the Homerian megafossil and microfossil floras, and the occurrence of these genera in the Clamgulchian samples may be the result of redeposition from beds of Seldovian or earlier Tertiary age. The possibility of redeposited pollen in Clamgulchian samples is indicated by the presence of limy cobbles bearing imprints of AZms leaves in a small lens of conglomerate between localities 9860 and 9861. These leaves are too fragmentary for specific determination, but it is clear that some consolidated fossiliferous beds were being eroded during the Clamgulchian.
Betulaceae dominate all our Clamgulchian pollen samples and range in abundance from 45 to 95 percent. Although most of this total consists of A h , pollen of the B e t h type is the dominant form in one sample. P i w and Picea are present in all samples, but pollen of the former genus is the more abundant of the two. Abies has not been found in any sample, and Tsuga is present in four samples. Pollen of Ericales is not as common as in the Homerian samples; pollen assigned to this order was seen in only three samples and forms no more than 3 percent in any tally. The only Compositae pollen that me have found in the Kenai Formation consists of n single grain found in sample D1955. the modern Alaskan flora; the former contains some species that are still extant in Alaska and others that probably are ancestral to modern species. Nevertheless, the Clamgulchian floras are readily distinguished both by their general floristic composition and by the presence of a few extinct taxa from late Pleistocene and Recent floras in Alaska. Criteria for recognizing the upper limit of the Clamgulchian Stage and selection of a reference section in which the upper limit can be precisely defined must await further study of late Tertiary and early Pleistocene rocks in Alaska and of the floras that they contain. (table 4) and 21 pollen and spore types representing at least 11 angiosperm genera and 16 traclleophyte families. The Clamgulchian floras are depauperate in species of woody plants, and nearly all the warm-temperate elements now exotic to Alaska are absent. The pollen and leaf floras collected thus far from the Cook Inlet region are dominated by Betulaceae. However, we expect that leaf floras from areas that had greater topographic diversity during Clamgulchian times might be dominated by Pinaceae.
The following megafossil species appear to be restricted to the Clamgulchian Stage : SaZix ninibhikensis, 8. Zeopoldae, S. keruliana, and AZnzcs schmidtae.
All these species appear to be intermediate between Homerian and Recent species. The exotic element is greatly reduced in Clamgulchian leaf floras and is represented only by GZyptostrobus and Rhw.
The three pollen samples from the Clarngulchian r~c k s on the north shore of Kachemak Bay and the two samples from the type section show an even greater The occurrence of several Recent species and of several other species closely related t o Recent species in Clamgulchian floras also indicates that the Clamgulchian Stage falls somewhere within the later Neogene. The only Clamgulchian species known in the Neogene of the northwestern conterminous United States is the extant AZnm iltcana, which, as fossil, is known from the Pliocene Troutdale flora. Because A. incma is interpreted by Wolfe (1966) as descended from A. corylina, which is known in the latest Miocene of Oregon, the occurrence of A. incana in Clamgulchian strata is an indication that this stage is of Pliocene age. --------.----..-------------------- extension of range of species based on generic determination of pollen ( + ) ; number of grains given in parentbeseal obviously more abundant and diverse in the Seldovian Stage. Juglam, Ilex, Nyssa, and possibly Liquidamber appear to be restricted to the Seldovian pollen floras. Our somewhat limited sampling is probably responsible for the apparent restriction of Coryks to the Homerian and of Compositae to the Clamgulchian; the former is 1 known from leaves in the Seldovian as well as the EIomerian, and Compositae pollen should also be expected throughout the Clamgulchian. The first occurrence of Compositae pollen might be taken by some pdynologists to mark the base of the Miocene Series, but our experience in Miocane floras in Oregon and the late Pliocene or early Pleistocene "Submarine Beach" at Nome indicates that pollen of Compositae is rare or lacking in many floras of undoubted Neogene age. It would seem that the presence of this group is not consistent enough to be a helpful index to sediments of post-Oligocene age. Pollen-abundance diagrams were prepared for each of the pollen floras discussed in this report, but they are not reproduced here because they yielded little or no information that is not already apparent from generic lists of the various assemblages. A progressive general impoverishment of the Kenai pollen flora through time is apparent even from the limited sampling of the pollen reported here and is fully confirmed by the study of the megafossils. A general predominance of Betulaceae and Pinaceae is characteristic of all Kenai Formation samples examined thus far, except for two from the Seldovian type section near Capps Glacier which are dominated by Ulmw-ZeZkova pollen. More significant
